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DETAILED ACTION 
Continued Examination Under 3 7 CFR 1.114 

1. A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.114. Applicant's submission filed on December 8, 2006, and the grant on petition of 
April 25, 2007 are entered. 

Claim Rejections - 35 USC § 103 

2. The text of those sections of Title 35, U.S. Code not included in this action can be found 

* 

in a prior Office action. 

3. " Claims 1, 4, 5, 8, and 1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Soichiro Kawakami (JP61037969) in view of Ohashi (JP10-177960) 1 . Soichiro Kawakami 
teaches a gas delivery metering tube (Figure 1) for delivering a gas in a plasma CVD process 
comprising: 

i. an elongated outer tube (3) having an inlet end (4/3 interface) and a closed end (opposite 
end), and one or more arrays of orifices (15) formed in the elongated outer tube (3) and 
extending along the substantial length of the elongated outer tube (3); an elongated inner 
tube (5) having open inlet (4/5 interface) and outlet (opposite 4/5 interface) ends, the 
elongated inner tube (5) being nested and axially aligned inside of the elongated outer tube 



1 Machine translation from http://wwwl.ipdl.jpo.go.jp 
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(3) forming an effective annular space (20) there between, and wherein the outlet end of the 
elongated inner tube (5) terminates prior to the closed end (opposite end) of the elongated 
outer tube (3). 

Soichiro Kawakami further teaches the gas delivery metering tube further comprising a single 
gas supply port (inherent, feeding item 5, Figure 1) coupled to the inlet end (at cut away of item 
5) of the elongated inner tube (5) for supplying gas to the metering tube. 
Soichiro Kawakami does not teach: 

i. a gas flow divider positioned adjacent the inlet ends of the elongated inner and outer tubes 
(5,3) and having a first gas flow path coupled to the elongated inner tube (5) and a second 
gas flow path coupled to the annular space (20) between the elongated inner and outer tubes 
(3,5). 

ii. Soichiro Kawakami's gas delivery metering tube wherein the cross sectional area of the 
inside of the elongated inner tube (5) is approximately equal to the total cross sectional area 
of the plurality of small orifices in a flow divider 

iii. Soichiro Kawakami's inner tube (5) extends a distance at least encompassing the arrays of 
orifices in the outer tube (3) 

iv. Soichiro Kawakami's array of orifices (15) formed in the elongated outer tube (3) are 
configured to establish uniform backing pressure with Soichiro Kawakami's annular space 
(20), as claimed by amended claim 1 - However, when the structure recited in the reference 
is substantially identical to that of the claims (see Applicant's Figure 5, 6a; [0031]), claimed 
properties or functions are presumed to be inherent (In re Best, 562 F.2d 1252, 1255, 195 
USPQ 430, 433 (CCPA 1977); MPEP 21 12.01). 
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Ohashi teaches a fluid flow divider (upper portion of 41, Figure 4) having a first flow path ("Sz") 
and a second gas flow path (Sx) coupled to an annular space (Sx). Ohashi further teaches the 
fluid flow divider being a disk (Figure 4) having a central orifice (17a) forming the first gas flow 
path and a plurality of small orifices (17b) forming the second gas flow path. 
Ohashi further teaches a gas flow divider (upper portion of 61, Figure 6) which comprises a 
flange (see L shape of U/21 face, Figure 6) on the inlet end of the elongated inner tube (21, 
Figure 6), the flange having a lip (20, Figure 6) containing a plurality of small orifices (20a, 
Figure 6) forming the second gas flow path. 

It would have been obvious to one of ordinary skill in that art at the time the invention was made 
to replace Soichiro Kawakami's support plate (4) with Ohashi 's fluid flow divider, with an 
optimal number of orifice (17a), including optimizing the dimension(s) of Soichiro Kawakami's 
gas delivery metering tube arid inner tube. 

Motivation to replace Soichiro Kawakami's support plate (4) with Ohashi 's fluid flow divider, 
with an optimal number of orifice (17a), including optimizing the dimension(s) of Soichiro 
Kawakami's gas delivery metering tube and inner tube as taught by Ohashi is for preventing 
particle adherence as taught by Ohashi ([0003], [0004]; Machine Translation) in Soichiro 
Kawakami's reactor (Figure 3). Further, motivation to dimension Soichiro Kawakami's gas 
delivery metering tube and inner tube wherein the cross sectional area of the inside of the 
elongated inner tube is approximately equal to the total cross sectional area of the plurality of 
small orifices in the flow divider is to provide for the desired pressure gradient. Further, it is well 
established that changes in apparatus dimensions are within the level of ordinary skill in the 
art.(Gardner v. TEC Systems, Inc. , 725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert. 
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denied , 469 U.S. 830, 225 USPQ 232 (1984); In re Rose , 220 F.2d 459, 105 USPQ 237 (CCPA 

1955); In re Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); See MPEP 2144.04) 

4. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Soichiro 

Kawakami (JP61037969) and Ohashi (JP10-177960) in view of Ishii (USPat. 5,685,942). 

Soichiro Kawakami and Ohashi are discussed above. Soichiro Kawakami and Ohashi do not 

teach: 

i. a gas supply port comprising a block having a pocket formed therein, the pocket being 
sealed with a cover to create a confined passage, and a gas supply connector coupled to the 
pocket for receiving a gas and a hollow tube assembly coupled to the pocket and the inlet 
end (4/3 interface) of the inner and outer tube (3)s for conveying the gas. 

Ishii teaches gas delivery system (91, 89, 85; Figure 4) for a wafer processing apparatus (column 
3, lines 37-49). Specifically, Ishii teaches: 

ii. a gas supply port (91; column 8, lines 16-22) comprising a pipe {block} having a pocket 
(conduit volume) formed therein, the pocket being sealed with a cover (pipe 91) to create a 
confined passage (conduit volume), and a gas supply connector (92) coupled to the pocket 
for receiving a gas and a hollow tube (89) assembly coupled to the pocket 

It would have been obvious to one of ordinary skill in that art at the time the invention was made 
to replace the gas conduit of Soichiro Kawakami and Ohashi with Ishii 's gas supply port 
comprising a block instead of a pipe shape. 

Motivation to replace the gas conduit of Soichiro Kawakami and Ohashi with Ishii 's gas supply 
port comprising a block instead of a pipe shape is to provide an alternate and equivalent means 
for process gas delivery. Additionally, it has been established that the shape of a container is a 
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matter of choice which a person of ordinary skill in the art would have found obvious absent 
persuasive evidence that the particular configuration of the claimed container is significant (In re 
Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966); MPEP 2144.04). 

5. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Soichiro 
Kawakami (JP61037969) and Ohashi (JP10-177960) in view of Lemp (USPat. 4,836,246). 
Soichiro Kawakami and Ohashi are discussed above. However Soichiro Kawakami and Ohashi 
do not teach one or more standoff spacers attached to the elongated inner tube to axially align the 
elongated inner tube inside the outer tube. 

Lemp teaches a similar gas distribution arrangement (Figure 1; column 2, lines 24-40). 
Specifically, Lemp teaches a standoff spacer (16, Figure 1) attached to the elongated inner tube 
(32) to axially align the elongated inner tube (32) inside the outer tube (12). 
It would have been obvious to one of ordinary skill in that art at the time the invention was made 
to add a standoff spacer attached to the elongated inner tube to axially align the elongated inner 
tube inside the outer tube in the Soichiro Kawakami and Ohashi apparatus as taught by Lemp. 
Motivation to add a standoff spacer attached to the elongated inner tube to axially align the 
elongated inner tube inside the outer tube in the Soichiro Kawakami and Ohashi apparatus as 
taught by Lemp is to support the elongated inner and outer tubes (column 2, lines 35-40). 

6. Claims 9 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over Soichiro 
Kawakami (JP6 103 7969) and Ohashi (JP1 0-1 77960) in view of DeDontney, Jay B. et al (USPat. 
5,849,088). Soichiro Kawakami and Ohashi are discussed above. Soichiro Kawakami and 
Ohashi do not teach at least one injector assembly having at least one port for receiving the gas 
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delivery metering tube. Soichiro Kawakami and Ohashi do not teach at least one shield assembly 
having at least one plenum for receiving the gas delivery metering tube. 

DeDontney teaches a similar gas delivery system (Figure 3; column 5, line 61 - column 6, line 
34). Specifically, DeDontney teaches an injector (14, Figure 3) and at least one shield assembly 
(40c,d; Figure 4) having at least one plenum (78) for a gas delivery metering tube (80). 
It would have been obvious to one of ordinary skill in that art at the time the invention was made 
to provide a port in DeDontney' s injector assembly for Soichiro Kawakami' and Ohashi 's gas 
delivery metering tube including replacing DeDontney' s gas delivery metering tube with 
Soichiro Kawakami 's and Ohashi' s gas delivery metering tube. 

Motivation to provide a port in DeDontney's injector assembly for Soichiro Kawakami' and 
Ohashi' s gas delivery metering tube including replacing DeDontney' s gas delivery metering tube 
with Soichiro Kawakami 's and Ohashi 's gas delivery metering tube is to distribute process gas as 
taught by Soichiro Kawakami. 

Response to Arguments 

7. Applicant's arguments filed December 8, 2006 have been fully considered but they are 
not persuasive. 

8. Applicant states: 
<c 

Applicants maintain the position that there are no motivation and no likelihood of success in 
combining Soichiro with Ohashi, and no suggestion in either reference for such as combination. 
The object of Soichiro is to overcome the shortcomings of the conventional plasma CVD 
apparatus shown in FIG. 4 in Soichiro, which is reproduced below. The conventional plasma 
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CVD apparatus has coaxial electrodes including a cathode la and a counter electrode (not shown) 
facing the cathode 1 a and serving as a support for a substrate on which a thin film is formed by 
deposition. The peripheral wall of the cathode is provided with a plurality of gas-spraying 
openings 7a disposed at regular intervals in the peripheral and axial directions. 

9. In response to applicant's argument that there is no suggestion to combine the references, 
the examiner recognizes that obviousness can only be established by combining or modifying the 
teachings of the prior art to produce the claimed invention where there is some teaching, 
suggestion, or motivation to do so found either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art. See In re Fine, 837 F.2d 1071, 5 
USPQ2d 1596 (Fed. Cir. 1988)and/n re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992). 
In this case, the Examiner believes the proposed motivation, found in the references themselves, 
to replace Soichiro Kawakami's support plate with Ohashi's fluid flow divider, is taught by 
Ohashi because Ohashi's flow divider is employed for preventing particle adherence ([0003], 
[0004]; Machine Translation) during gas distribution. Such a particle adherence would 
deteriorate the flow characteristics resulting in uneven film processing as well as particulate 
contamination as discussed repeatedly in the machine translation of Ohashi. Indeed, the above 
proposed combination results in a gas flow divider configured to divide gas from a single gas 
supply port (Ohashi's 19) coupled to one end of Soichiro Kawakami's gas delivery metering 
tube. 

10. Applicant states: 
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This rejection is respectably traversed. Applicants see no motivation or suggestion in either of 
the references for such a combination. Reaction gases do not usually form particles before they 
are introduced into the reaction chamber, where heat or plasma enhancement cause reactions to 
happen. Otherwise, the gas tubes, such as the tube 5, for supplying the reactions gases would be 
easily congested and have to be constantly flushed to get rid of the particles. The problems of the 
gas eddy flow and the "disturbance of gas" in Ohashi, which happens in the reaction chamber 71, 
simply do not occur within the cathode 1 in Soichiro because Soichiro employs neither a heater 
nor a rotating element in the cathode 1 to cause such problems. What Soichiro really attempts to 
do is to carefully design the gas flow paths through the layered openings 13, 14, and 15 in the 
partitions 2 and 3 and the cathode 1 so that reaction gas may be introduced uniformly into the 
reaction chamber through the cathode 1 . It is unreasonable to assume that Soichiro would take 
the approach of Ohashi by blowing the non-reacted reaction gas away through some exhaust 
before the gas ever gets out of the cathode 1, in order to avoid particle formation in the cathode 
1. 

11. In response, the Examiner disagrees. In particular, the Examiner takes issue with 
Applicant's statement that "Reaction gases do not usually form particles before they are 
introduced into the reaction chamber". This statement is completely antithetical to chemical 
vapor deposition apparatus, plasma or nonplasma, which require reactivity among reactants to 
react and nucleate on the substrate and deposit films of desired compositions (See Ohashi - 
[0003], [0004]; Machine Translation). That Ohashi is specific in stating that the problem to be 
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solved (abstract) in his apparatus is to prevent particles from attaching is a gleaming example of 
such a deposition mechanism (See Ohashi - [0003], [0004]; Machine Translation). 
12. Applicant states that there is no reasonable likelihood of success because: 

if there were problems with particle formation within the cathode 1 because of the introduction 
of the reaction gas into the buffers 18, 19, and 20 through tube 63 and the openings 14 and 15 in 
the partitions 2 and 3, there is no reason to assume that introducing the same reaction gas through 
the cathode support plate 4 would make any difference in particle formation. Moreover, 
introducing gas into the spaces between the cathode 1 and partition 2, the partitions 2 and 3, 
and/or the partitions 3 and 62 from the bottom of the partitions would disturb the gas flow paths 
carefully designed in Soichiro, destroy the gas distribution uniformity Soichiro attempts to 
achieve, and defeat the purpose of the invention in Soichiro. As shown in FIG. 1 in Soichiro, 
which is reproduced above, if the reaction gas is introduced into the buffers 18, 19, and 20 
through the cathode support plate 4, more reaction gas will get through the openings 13, 14, and 
15 near the cathode support plate 4. 

In response, the Examiner disagrees. In particular if Kawakami were to use the same processing 
gasses as Ohashi, the Examiner argues that the same, if not more , intense, particulate problem 
that Ohashi is trying to avoid would be even more pronounced in the apparatus of Kawakami due 
to Kawakami 's more intricate and circuitous flow pattern(s) resulting, prior to the combination, 
in what Ohashi discusses as "vortices" that create sources for particulate formation (Ohashi 
[0020]). 
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13. Applicant states: 

...the top portion of the reactor 41 in Ohashi is not a gas flow divider. A gas flow divider, as 
commonly known and as recited in Claim 1 , should divide a gas flow from a single gas supply 
port into a plurality of gas flow paths into separate areas. 

14. In response to applicants argument that the references fail to show certain features of 
applicant's invention, it is noted that the features upon which applicant relies (i.e., see above) are 
not recited in the rejected claims. Although the claims are interpreted in light of the specification, 
limitations from the specification are not read into the claims. See In re Van Geuns, 988 
F.2d 1181, 26 USPQ2d 1057 (Fed. Cir. 1993). Further, the broadest reasonable interpretation of 
"a gas flow divider" is believed to be encompassed by Ohashi 5 s upper portion of reactor 41 
which shows gases divided, not mixed. Further: 

15. In response to applicants arguments against the references individually, one cannot show 
nonobviousness by attacking references individually where the rejections are based on 
combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981); In re 
Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986). 

Conclusion 

16. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Examiner Rudy Zervigon whose telephone number is (571) 
272.1442. The examiner can normally be reached on a Monday through Thursday schedule from 
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8am through 7pm. The official fax phone number for the 1763 art unit is (703) 872-9306. Any 
Inquiry of a general nature or relating to the status of this application or proceeding should be 
directed to the Chemical and Materials Engineering art unit receptionist at (571) 272-1700. If the 
examiner can not be reached please contact the examiner's supervisor, Parviz Hassanzadeh, at 
(571)272-1435. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About vapor growth equipment and the vapor growth approach, in detail, there is little 
generating of the sludge to the particle and the furnace wall in the gaseous phase applied to the production process of 
the semi-conductor wafer substrate with which high quality is demanded, the thin film of uniform thickness is formed, 
and this invention does not have dispersion in resistance, it is homogeneous and relates to the vapor growth equipment 
and the vapor growth approach that a semi-conductor wafer substrate with few crystal defects is obtained. 
[0002] 

[Description of the Prior Art] Drawing 7 is the gas flow rate distribution map (B) of each perpendicular direction in the 
predetermined locations B, C, and D shown in (A) in the approximate account Fig. (A) showing an example of 
conventional vapor growth equipment, and its equipment, (C), and (D). In addition, the segment with the arrow head in 
(A) is the gas elementary-stream Fig. having shown the gas stream in equipment typically. In drawing 7 (A), generally, 
the revolving shaft 73 for rotating the rotation substrate electrode holder 72 and the rotation substrate electrode holder 
72 which lay the wafer substrates W, such as a silicon wafer, and the heater 74 for heating are arranged by the lower 
part in the cylinder-like fission reactor 71, and the motor (not shown) which carries out a rotation drive is connected to 
the revolving shaft 73 at it. Moreover, two or more exhaust ports 75 and 75 which exhaust a unconverted gas etc. are 
arranged in fission reactor 71 pars basilaris ossis occipitalis, and it connects with the exhaust air control unit (not 
shown). On the other hand, two or more gas supply lines 76 and 76 which supply the reactant gas of material gas or 
carrier gas in a furnace, and the disc-like straightening vane 77 are arranged by the crowning of a fission reactor 71, 
and hole 77a of a large number which prepare the flow of gas is drilled by the straightening vane 77. Conventional 
vapor growth equipment is constituted as mentioned above, and the substrate W laid on the rotation substrate electrode 
holder 72 which rotates at a predetermined rotational frequency by the rotation drive of a motor is heated by 
predetermined temperature at a heater 74, rotating. Much hole 77a of a straightening vane 77 is passed so that the gas 
flow rate distribution in a fission reactor may become subsequently to homogeneity, reactant gas is supplied to 
homogeneity and it is made to introduce reactant gas, such as material gas and carrier gas, through two or more gas 
supply lines 76 and 76 in a fission reactor 71, to equalize gas momentum and pressure distribution to coincidence, and 
to carry out vapor growth of the thin film to the wafer substrate W on the rotation substrate electrode holder 72. 
[0003] In the vapor growth equipment which forms a thin film in up to a semi-conductor wafer which was described 
above, various kinds of proposals are made as a crystal defect does not arise more inconvenient [ at the time of thin 
film formation ] so tha t \ in order to prevent generating of the particle by thin film formation gas, and adhesion of a 
sludge in a fi^(Sn reactor wall, and ] a thin film formation wafer with uniform thickness with a homogeneous and thin 
film may be obtained. For example, prevention of a crystal defect is aimed at by controlling the supply flow rate of 
material gas by JP,5-74719,A to predetermined, and preventing the temperature change in a fission reactor. In JP,5- 
90 167, A, the rotational frequency of the amount of material gas, furnace internal pressure, and a rotation substrate 
holder etc. is controlled to predetermined, and prevention of a slip is aimed at so that distribution may be made into 
homogeneity whenever [ field internal temperature / of the wafer substrate at the time of thin film formation ]. In JP,6- 
216045,A, while making easy fission reactor washing after maintaining inner skin flat and smooth to some fission 
reactor walls which a sludge tends to produce, arranging a shielded tube and performing thin film formation actuation, 
a gas stream is maintained in the laminar-flow condition, and formation of a homogeneous thin film is aimed at. 
Moreover, in JP,7-50260,A, while performing installation of the material gas to the straightening-vane top which has 
two or more holes, or carrier gas through two or more supply pipes in the fission reactor upper part, by making the 
inflow direction predetermined, gas momentum and gas pressure are made into homogeneity, material gas etc. is 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 5/1/0' 



supplied on a substrate by the uniform rate of flow, and equalization of thin film thickness is attained. 
- [0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional vapor growth equipment of the various 
above-mentioned proposals, by the time a crystal defect can arise or un-arranging, such as particle adhesion, can fully 
prevent with the wafer substrate which carried out thin film growth, it will not have resulted. Moreover, since quality 
improvement came to be increasingly required with the super-high integration especially in a semi-conductor in recent 
years, the wafer substrate becomes [ the debasement of few / a thin film formation wafer substrate / defects ] a problem 
more often. In view of the debasement of the wafer substrate in the vapor growth thin film formation by such 
conventional vapor growth equipment, this invention is made in order to solve them. Artificers examined first the 
phenomenon produced with conventional vapor growth equipment in the detail. Consequently, th e phenomenon in 
which particle adhered to a fission reactor wall mostly was observed, therefore the maintenance cycle was shortened, 
and the particle adhering to this figbfen reactor wall adhered to the wafer substrate, and the knowledge of being the 
cause of bringing about deterioration of wafer quality directly as adhesion particle was carried o ut [ **** / becoming 
the cause of a crystal defect ]. 

[0005] From the above-mentioned knowledge, further, artificers examined the material gas flow in a fission reactor etc 
so that they may find out the cause of the particle abundant attachment phenomenon in a fi^on reactor wall. 
Consequently, it became still clearer that the phenomenon which carries out the following arises in a fission reactor. 
That is, in the conventional fission reactor 71 shown in ** above-mentioned drawing 7 , since the fission reactor lower 
part is heated at the heater 74 at the same time reactant gas, such as silicon material gas, is introduced from a crowning 
it is supplied on the wafer substrate W by the uniform rate of flow and thin film formation is presented, the heating 
temperature up also of the reactant gas which reached near the wafer substrate W is carried out. Consequently, althougl 
gas flows down by the almost uniform rate of flow in the (B) region in a furnace as the velocity distribution of the gas 
elementary-stream Fig. of (A) of drawing 7 and (B), (C), and (D) showed, in the (C) region, a gas flow rate falls near a 
furnace inner circle wall, and a gas stream changes to upward flow along with a fission reactor inner circle wall in the 
(D) region. For this reason, the dancing going-up phenomenon of reactant gas arises, and generating of a gas vortex 
takes place. ** Since the warmed reactant gas goes up again, the temperature of the whole region in a fission reactor 71 
also rises, the homogeneous nucleation of the thin film formation material gas in the inside of a gaseous phase 
increases, and particle generating in a gaseous phase increases. ** Further, if the above-mentioned gas vortex occurs, 
there will be a possibility that re-taking in of the dopant in reactant gas may take place in the periphery section of the 
wafer substrate W on the rotation substrate electrode holder 72, and it will cause ununiformity-izing of the field interna 
resistance value distribution of the wafer substrate obtained. 

[0006] Extent whose generating of the gas vortex which causes various kinds of above-mentioned un-arranging is a 
thing of about 1 or more m/s made very quick about the gas flow rate to the shaft orientations of a rotation substrate 
supporter in the conventional fission reactor can be controlled. However, it is necessary to pass a lot of carrier gas for 
that purpose, and becomes practicality with a scarce thing industrially. For this reason, that artificers mainly had 
inconvenient causes, such as debasement of the above mentioned thin layer formation wafer substrate, and short- 
peri od-izing of the maintenance cycle of a fission reactor, in generating of a gas vortex and the turbulence of a gas 
stream by the upward flow of the gas in a fission reactor, they inquired wholeheartedly so that they may prevent these 
gas vortex generating. Consequently, the numerical aperture of the straightening vane arranged in order to supply 
reactant gas on a rotation substrate supporter by the uniform rate of flow To having been equally adjusted to about \0°A 
throughout the former from the ability of a rise gas stream to be effectively controlled by changing a numerical apertun 
in a predetermined field Abundant adhesion of particle in the above-mentioned abundant generating of particle, and a 
furnace wall, The deposit of a thin film formation component could be prevented, reduction of the crystal defect of a 
wafer substrate and the incorporation in the wafer periphery section of a dopant could be prevented by that cause, the 
crystal defect was quality few and header this invention was completed for the ability of the wafer substrate in which 
the thin film of homogeneous membrane thickness carried out vapor growth to be obtained. 
[0007] 

[Means for Solving the Problem] According to this invention, it has the rotation substrate supporter which lays an 
exhaust port in two or more reactant gas feed hoppers and a pars basilaris ossis occipitalis at the crowning of a fission 
reactor in the air, and lays a wafer substrate in the interior, and the straightening vane with which the head-lining 
section and a space region were formed in the internal upper part, and two or more gas eyes were drilled. In the vapor 
growth equipment to which supply reactant gas to the interior and the wafer substrate front face on a rotation substrate 
supporter is made to carry out vapor growth of the thin film, the vapor growth equipment characterized by being 
formed and becoming so that the gas flow rates of a center section and the periphery section in a furnace may differ is 
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a straightening vane may become larger than other fields (mainly central region) in the predetermined periphery region 
- within a straightening-vane side, the reactant gas rate of flow in the downward fission reactor wall circumference can 
be made quicker than a straightening vane. A reactant gas style reaches near the wafer substrate front face on a rotation 
substrate supporter from this, it has the directivity to the direction of a path, and circulates, and unlike said 
conventional method, a unconverted gas circulates from the periphery side of a rotation substrate supporter smoothly tc 
the exhaust port of a fission reactor pars basilaris ossis occipitalis after that according to the gas stream of the high 
speed of the inner-wall-of-the-kiln circumference, without forming the upward flow along a furnace wall. Therefore, 
the temperature rise of the gas in a furnace is controlled, homogeneous nucleation decreases, particle generating is 
reduced, and formation of the crystal defect of the wafer substrate by particle adhesion in a furnace wall, a thin film 
formation component deposit, fall adhesion of adhesion particle, etc. can be prevented. Moreover, since smooth gas 
flow is maintained, the reuptake in the wafer substrate periphery section of a dopant can be prevented, and that of a 
wafer side internal resistance value also becomes uniform, and can obtain the thin film formation wafer substrate of 
high quality. Completely unlike having adjusted these so that the straightening vane arranged in the conventional 
fission reactor might carry out drilling formation of the gas eye with a numerical aperture equal in the whole region anc 
it might become the uniform rate of flow in the fission reactor of a straightening-vane lower part, it will not be 
proposed without this invention. 
[0014] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained to a detail based on a drawing. 
However, this invention is not restricted by the following example. In addition, in the following example, although the 
fission reactor of cylindrical hollow with the circular horizontal section configuration of a fission reactor is explained 
for convenience, especially a horizontal section configuration may not be restricted and corniform etc. is sufficient as il 
Moreover, the same is said of a rotation substrate supporter. Generally, a cylindrical hollow fission reactor and a 
circular rotation substrate supporter are used suitably. 

[0015] Drawing 1 is the gas flow rate distribution map (B) of each perpendicular direction in the predetermined 
locations B, C, and D shown in (A) in the outline cross-section explanatory view (A) of one example of the vapor 
growth equipment of this invention, and equipment, (C), and (D). In addition, the segment with the arrow head in (A) i: 
the gas elementary-stream Fig. having shown the gas stream in equipment typically like aforementioned drawing 7 . 
Drawing 2 is the mimetic diagram of the straightening vane arranged by drawing 1 . In drawing 1 (A) and drawing 2 , z 
fission reactor 1 1 is constituted almost like the fission reactor of the above mentioned conventional vapor growth 
equipment, the body of revolution 12 which lays the wafer substrate W is supported free [ rotation ] with a revolving 
shaft 13 by the lower part in a furnace, and is arranged, and the heater 14 which heats the wafer substrate W laid body 
of revolution 12 and on it is arranged in the lower part. The motor (not shown) which carries out a rotation drive is 
connected to a revolving shaft 13. Moreover, two or more exhaust ports 15 and 15 which exhaust a unconverted gas 
etc. are arranged in fission reactor 1 1 pars basilaris ossis occipitalis. On the other hand, two or more gas supply 
openings 16 and 16 which supply the reactant gas which consists of carrier gas, such as material gas, such as a silane 
(SiH4) and dichlorosilane (SiH2 C12), and hydrogen (H2), an argon (Ar), helium (helium), are arranged by the 
crowning of a fission reactor 1 1. In the upper part inside a fission reactor, the head-lining section and the predetermine 
space region S are held, and it is close to the inner skin of a fission reactor 11, and is arranged so that the reactant gas 
with which the disc-like straightening vane 17 with which two or more drilling of gas eye 17a of a minor diameter and 
the gas eye 17b of a major diameter was carried out, respectively is supplied may not carry out channeling. 
[0016] In this invention, the straightening vane arranged in the upper part of the above-mentioned fission reactor flows 
much reactant gas which flowed from the gas supply openings 16 and 16 in a fission reactor from the drilled gas eyes 
17a and 17b. In this case, unlike the uniform numerical aperture of the conventional straightening vane, a gas eye is 
suitably drilled so that the numerical aperture of the predetermined external region (X region) of a straightening vane 
17 may become larger than a central field (it only considers as a central region or Z region hereafter) at the other field 
and the Lord. In this case, as for the ratio of an external region numerical aperture (OX) and a central region numerical 
aperture (OZ), it is desirable to make it become the ratio (VX/VZ) in which the rate of flow of reactant gas after 
passing the gas eye of each field and being rectified carries out a postscript. Usually, OX/OZ A ratio drills the gas eye 
of each region in 10-2600, respectively. Moreover, neither the hole configuration of a gas eye nor especially drilling 
arrangement is restricted, and can be suitably chosen according to the configuration and reaction condition of a fission 
reactor, for example, it was shown in drawing 1 and 2 as ~ ****** — there is a method to which a numerical apertun 
is changed by drilling the gas eye of the diameter of opening. In drawing 1 and drawing 2 , gas eye 17a of a minor 
diameter is arranged equally in the central region of a straightening vane 17, and gas eye 17b of a major diameter is 
arranged suitably in the external region, although opening of gas eye 17b of a major diameter shown in drawing 2 is th< 
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offered. 

- [0008] In the vapor growth equipment of above-mentioned this invention, it is desirable to make it the gas flow rates oi 
the center section in a furnace and the periphery section differ, as said straightening vane is close to a furnace inner 
circle wall and the numerical aperture of said gas eye becomes larger than other fields in the external region of the 
periphery edge of the projection configuration of said rotation substrate supporter by which an orthographic projection 
is carried out to the straightening vane to the direction of a path. Or it is desirable to make it the gas flow rates of the 
center section in a furnace and the periphery section differ, as said straightening-vane periphery edge and furnace inner 
circle wall have a gap and this straightening-vane periphery edge is located in the external region of the direction of a 
path from the periphery edge of the projection configuration of said rotation substrate supporter by which an 
orthographic projection is carried out to said straightening vane. Said external region has predetermined spacing width 
of face from said fission reactor inner circle wall in these cases, and 0.02-1.0, and that it is 0.05-0.5 preferably have a 
desirable ratio (X/Y) with the difference (Y=RD-RP) of said spacing width of face (X), said straightening-vane 
equivalent radius (RD), and equivalent radius (RP) of said projection configuration. Moreover, the horizontal section o: 
said fission reactor is circular, and it is desirable that said straightening vane and said rotation substrate supporter are 
arranged concentrically. That is, it is desirable that the spacing width of face from the inner wall of the kiln of the 
external region in which the above-mentioned numerical aperture is greatly carried out, and the straightening-vane 
periphery edge which has furnace inner circumference and a gap is located is equal to the difference of each radius of a 
straightening vane and a rotation substrate supporter, or is in 0.02 or more times of the difference. 
[0009] moreover , while at least 2 ****s of said space region be carry out by the batch member arrange in the external 
region of the direction of a path from the periphery edge of the projection configuration of said rotation substrate 
supporter by which an orthographic projection be carry out to said straightening vane in the interior , it be desirable in 
the vapor growth equipment of above-mentioned this invention for two or more reactant gas feed hoppers to be arrange 
by each partition , respectively , and to make it the gas flow rates of the center section in a furnace and the periphery 
section differ . Said external region has predetermined spacing width of face from said fission reactor inner circle wall 
in these cases, and 0.02-1.0, and that it is 0.05-0.5 preferably have a desirable ratio (X/Y) with the difference (Y=RD- 
RP) of said spacing width of face (X), said straightening-vane equivalent radius (RD), and equivalent radius (RP) of 
said projection configuration. Moreover, the horizontal section of said fission reactor is circular, and it is desirable that 
said straightening vane and said rotation substrate supporter are arranged concentrically. That is, it is desirable that the 
spacing width of face from the inner wall of the kiln of the external region in which a dashboard is arranged is equal to 
the difference of each radius of a straightening vane and a rotation substrate supporter, or is in 0.02 or more times of th< 
difference. Moreover, it is desirable for a separate reactant gas supply network to be connected through said reactant 
gas feed hopper, and to make it the gas flow rates of the center section in a furnace and the periphery section differ for 
said every partition. 

[0010] Furthermore, in the vapor growth equipment of above-mentioned this invention, the interior of hollow of a 
fission reactor is classified into the vertical section from which a considerable bore differs, a upside considerable bore 
is smaller than a lower considerable bore, and it can form so that an up lower limit and lower upper limit may be 
connected and the interior of hollow may continue. 

[001 1] Moreover, while according to this invention circulating said straightening vane and rectifying reactant gas using 
above vapor growth equipment, the vapor growth approach characterized by for the reactant gas rate of flow after 
circulation rectification turning into a high speed in said external region, and supplying it on the wafer substrate front 
face on said rotation substrate supporter from a field besides the above is offered, this vapor growth approach - setting 
~ the gas flow rate (VX) of said external region — said ~ others — it is desirable that the rate-of-flow ratio (VX/VZ) 
with the gas flow rate (VZ) of a field is in the range of 10-20 preferably by 5-30. 

[0012] Furthermore, this invention is an approach to which make it flow down reactant gas on the wafer substrate with 
which reactant gas is supplied from the upper part, and support rotation of the lower part is carried out after 
rectification into a fission reactor in the air, and a wafer substrate front face is made to carry out vapor growth of the 
thin film, and offers the vapor-growth approach characterized by to supply reactant gas so that the gas flow rate (VX) 
of a fission reactor wall circumference region may become high-speed from the gas flow rate (VZ) of a wafer substrate 
upper part region after said rectification. In this vapor growth approach, it is desirable that the rate-of-flow ratio 
(VX/VZ) of the gas flow rate (VX) of a fission reactor wall circumference region and the gas flow rate (VZ) of a wafer 
substrate upper part region is in the range of 10-20 preferably by 5-30. 

[0013] While equalizing the momentum and pressure distribution of gas by constituting this invention as mentioned 
above and supplying reactant gas, such as material gas and carrier gas, to a space region from two or more gas supply 
openings Since drilling arrangement of the gas eye is carried out so that the drilling numerical aperture of the gas eye o 
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configuration prolonged in the shape of an ellipse in the hoop direction - a hole - a circular hole and a square hole are 
sufficient as a configuration. Moreover, as shown in drawing 3 , the numerical aperture of an external region can also 
be enlarged by making [ more ] the number of drilling of the gas eye per unit area in an external region for gas eye 17c 
of the diameter of the same opening than a central region in the same configuration. Furthermore, the reactant gas 
which passed gas eye 17a of a central region in the case of which is rectified, and gas eye 17a drilled in the central 
region of the straightening vane of this invention is arranged almost equally so that it may flow down by the uniform 
rate of flow on the wafer substrate W front face on the rotation substrate supporter 12. 

[0017] In this invention, the external region which enlarges the above-mentioned numerical aperture points out the fiel< 
located in the direction of a path from the periphery edge P of the drawn projection configuration in which the rotation 
substrate supporter 12 arranged in a fission reactor lower part carries out an orthographic projection, as shown in 
drawing 2 . Namely, radius RP of the projection configuration drawn by the orthographic projection of the disc-like 
rotation substrate supporter 12 It is equal to the radius (RS) of the rotation substrate supporter 12. The boundary of the 
external region of this invention and a central region is the straightening-vane radius RD. Radius RP of a projection 
configuration It is made whether it is equal to Difference Y (= RD-RP), and to become from it. That is, the boundary ol 
an external region and a central region is X<=Y, when it has the spacing distance (width of face) X from the inner wall 
of the kiln to which the straightening-vane periphery section, i.e., a straightening vane, is close, and it has distance Z 
from a core and it is located. Therefore, it is Z=RP if it is X=Y. In accordance with the periphery edge P of a projection 
configuration, if it is X<Y, it is Z>RP. It is located in the direction of a path from the periphery edge P. Furthermore, it 
is desirable the range of 0.02-1.0 (0.02 <=X/Y>=1.0) and that a ratio with the above-mentioned difference Y carries ou 
to the spacing width of face X of an external region as [ become / preferably / the range of 0.05-0.5 ]. In accordance 
with a fission reactor wall, the dancing going-up phenomenon to the upper part of a gas stream arises that this X/Y ratic 
is less than 0.02, and generating of a gas vortex cannot be controlled. On the other hand, if 1 .0 is exceeded and it is a 
big numerical aperture into the periphery edge P of the above-mentioned projection configuration, the reactant gas styh 
which has a suitable uniform velocity distribution in the fission reactor to a rotation substrate supporter cannot be 
obtained, and the thin film formation wafer substrate of high quality without a crystal defect cannot be manufactured. 
[0018] In the vapor growth equipment of this invention, as the straightening vane arranged in the upper part in a fission 
reactor was described above, drilling formation of the gas eye is carried out so that a numerical aperture may become 
large from a central region (Z region) in an external region (X region), and the gas eye of a central region is arranged al 
homogeneity so that the passed reactant gas may flow down by the uniform rate of flow. Therefore, X region and Z 
region differ in the rate of flow, and the reactant gas introduced into the space region S from two or more' gas supply 
openings 16 and 16 of a fission reactor crowning flows down them at the same time it passes each gas eye of a 
straightening vane 17 and is rectified. Moreover, the boundary of X region and Z region where a numerical aperture is 
small where a numerical aperture is big makes mostly in agreement the periphery edge P of the projection configuratioi 
in which the rotation substrate supporter carried out the orthographic projection as mentioned above, or is located in th< 
direction of an inner wall of the kiln from the periphery edge P. For this reason, as described above, flowing-down 
supply of the reactant gas which passes gas eye 17a by the side of a core which was mostly located above the rotation 
substrate supporter and has been arranged at homogeneity from the periphery edge P of a projection configuration is 
carried out by the uniform predetermined rate of flow (flow rate) on the wafer substrate W front face on the rotation 
substrate supporter 12. Since a numerical aperture is size, the reactant gas which, on the other hand, passes gas eye 17b 
of X region located outside the projection configuration periphery edge P becomes more abundant than the capacity of 
gas eye 17a passage of Z region, and will flow down by the quick rate of flow. 

[0019] Using the vapor growth equipment of this invention constituted as mentioned above, the wafer substrate W is 
laid on the rotation substrate supporter 12, and the inside of a fission reactor 1 1 is exhausted after that with the exhaust 
air control unit connected to exhaust ports 15 and 15, for example, material gas, such as silane gas, is supplied, and 
furnace internal pressure is adjusted to 20 - 50torr. On the other hand, a motor is worked, the rotation drive of the 
revolving shaft 13 is carried out, the rotation substrate supporter 12 is rotated, and the wafer substrate W on it is rotatec 
by coincidence. The heating temperature up of the wafer substrate W on the rotation substrate supporter 12 is carried 
out to about 900-1200 degrees C at a heater 14 at coincidence. Moreover, the reactant gas which consists of material 
gas and carrier gas is supplied to the space region S in a fission reactor 1 1, controlling a flow rate from the gas supply 
openings 16 and 16 to coincidence predetermined. From two or more gas supply openings 16 and 16, momentum and 
pressure distribution are equalized, further, the gas eyes 17a and 17b by which two or more drilling was carried out 
with the numerical aperture according to a predetermined region are passed to a straightening vane 17, it is rectified, 
and the gas stream supplied to the space region S flows down. Moreover, the reactant gas after straightening-vane 
passage serves as the predetermined rate of flow according to the capacity and the numerical aperture which are 
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supplied. Furthermore, since gas eye 17a of the diameter of the same is drilled equally, it can be flowed down reactant 
- gas on a wafer substrate by the almost uniform gas flow rate, and it can make homogeneity carry out vapor growth of 
the homogeneous thin film on a wafer substrate in Z region by the side of a core as mentioned above than the periphery 
marginal P neighborhood of the projection configuration of a rotation substrate supporter. 

[0020] As above-mentioned, the rates of flow differ in the external region (X region) and the central region (Z region) 
which have a large and small difference in a numerical aperture bordering on the periphery marginal P neighborhood o: 
the projection configuration of a rotation substrate supporter, and the reactant gas which passes the straightening vane 
of the fission reactor of this invention produces inclination in gas flow rate distribution in a fission reactor. For 
example, as the velocity distribution of the gas elementary-stream Fig. of (A) of drawing 1 and (B), (C), and (D) 
showed, a reactant gas flow rate flows [ in X region of the fission reactor wall circumference with a big numerical 
aperture ] down a reactant gas style almost perpendicularly [ and ] at the high rate of flow. The dancing going-up 
phenomenon of a gas stream rise of meeting the fission reactor wall observed with the above mentioned conventional 
fission reactor is controlled by the quick gas stream of the rate of flow formed around this fission reactor wall, and 
generating of a gas vortex is also prevented according to it. Furthermore, since there is no rise of temperature up gas, it 
can also be prevented that fission reactor bashful phase temperature goes up. Therefore, the homogeneous nucleation o: 
the thin film formation component by the material gas in reactant gas is controlled, and the particle generated in a 
furnace bashful phase decreases. Therefore, the particle generated in the gaseous phase adheres to a fission reactor wall 
a maintenance cycle is shortened, or it adheres to a wafer and un-arranging in conventional methods, such as bringing 
about direct deterioration of wafer quality as adhesion particle, is prevented [ **** / making a crystal defect occur ]. 
[0021] On the other hand, the reactant gas which circulates the area within Z by the side of the core of a straightening 
vane passes gas eye 17a which is compared with X region and by which the numerical aperture has been arranged smal 
almost equally, flows down in the center section by the rate of flow looser than the rate of flow of X region, and 
uniform almost perpendicularly, is supplied on a wafer substrate, and can form a uniform thin film like a conventional 
method. As shown in (A) of drawing 1 , by the outermost periphery of Z region, since X region is adjoined, it is 
influenced of the reactant gas which flows into the large quantity of X region, and a gas elementary stream is once 
crooked so that it may be pushed in the direction of a core. However, since there is no generating of a gas dancing 
going-up phenomenon or a gas vortex in X region of the inner-wall-of-the-kiln circumference, circulating in the 
direction of a path on a wafer substrate, flowing in the direction of a path with the reactant gas which flowed down the 
center section of the Z region almost perpendicularly, forming a gas stream transition layer, and circulating to an 
exhaust port 15 after that, so that it may be drawn in by the gas stream which circulates X region is checked. Therefore 
right above [ wafer substrate ] on a rotation substrate supporter, the gas circulation to the direction of a path is barred, i 
is carried out smoothly without things, and gas circulates from the core of a wafer substrate equally to the periphery 
section. For this reason, re-taking in of the dopant in the wafer substrate periphery section does not occur. Therefore, 
the field internal resistance value distribution of the wafer substrate with which the uniform thin film was formed of 
vapor growth also becomes uniform, and the wafer substrate of high quality can be obtained. 
[0022] Each rate of flow VX of the reactant gas which passes the gas eye of the external region (X region) of a 
straightening vane, and other fields (Z region), and flows down in this invention And VZ By adjusting suitably a 
diameter of opening, the number of arrangement, etc. of a gas eye of a straightening vane, and making a numerical 
aperture predetermined as described above, VX is VZ. It is set up so that it may become large, desirable the rate of 
flow VX of X region The rate of flow VZ of Z region a ratio (VX/VZ) - 5-30 - it sets up so that it may be preferably 
set to 10-20. It occurs [ the dancing going-up phenomenon and gas vortex of a gas stream to the upper part ] that this 
rate-of-flow ratio is less than five in accordance with a fission reactor wall and is not desirable. It is not desirable in 
order to check the gas flow which, on the other hand, forms the transition layer from the center of the rotation substrate 
on a rotation substrate supporter to the periphery section since the gas flow rate of X region (external region) of the 
furnace wall circumference is too quick when 30 is exceeded. As for Z region gas flow rate, in this invention, it is 
desirable to consider as 0.05 - 0.7 m/s generally. Since the gas stream of the outermost part of Z region on the rotation 
substrate supporter which adjoins X region as they are less than 0.05 m/s is not only pushed on a central site, but the 
gas flow from the center of the rotation substrate on a rotation substrate supporter to the periphery section is checked, ii 
is not desirable. Moreover, even if it exceeds 0.7 m/s, the above effectiveness is not acquired more. The gas dancing 
going-up phenomenon and gas vortex which had produced the vapor growth equipment of this invention in the 
conventional method by the rate of flow of 0.7 or less m/s to having passed reactant gas in s in 0.7-1.0 usually 
comparatively quickm /with conventional vapor growth equipment can be prevented, it is not necessary to pass carrier 
gas so much, and practicality is very high industrially. In this case, the gas flow rate of X region is Above VX / VZ. 
What is necessary is just to set it as predetermined by the ratio. 
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[0023] Drawing 4 is the outline cross-section explanatory view of other examples of the vapor growth equipment of 
- this invention. The space region formed in drawing 4 with the head-lining section and the straightening vane 17 of the 
upper part in a fission reactor 41 is the periphery space region SX by the dashboard 18. Central space region SZ It is 
constituted like the equipment of drawing 1 except 2 ****s being carried out. In addition, the same sign is given to the 
same member as drawing 1 , and explanation is omitted. A dashboard 18 is arranged in a boundary with the boundary 
of the external region where the numerical aperture of the straightening vane shown in said drawing 1 generally 
changes, and other fields, i.e., the external region where a numerical aperture is large and the reactant gas rate of flow i 
quick, (X region), and other late fields (Z region) of the reactant gas rate of flow where a numerical aperture is small, 
and the spacing width of face from the furnace inner circle wall of an external region of it is the same as that of the 
above. Usually, it is located and arranged near [ periphery marginal P ] the orthographic-projection configuration to the 
straightening vane 17 of the rotation substrate supporter 12. space region SX **** - the gas supply openings 16 and It 
- moreover, space region SZ ****-- the gas supply opening 19 arranges separately, respectively - having - still more 
separate gas supply system GX to the gas supply openings 16, 16, and 19 And GZ It is connected separately, 
respectively, each space region SX classified by the dashboard 18 by this And SZ **** - if reactant gas, such as 
material gas and carrier gas, can be supplied separately, and is required and it will be the class of reactant gas, and 
mixed gas - the mixing ratio - various conditions of supply, such as a rate, temperature at the time of gas supply, a 
pressure, and a flow rate, can be changed, and can be supplied. For example, in drawing 4 , like drawing 1 , in X 
region, as for the straightening vane 17, gas eye 17a of a minor diameter is drilled in gas eye 17b of a major diameter ir 
Z region so that numerical apertures may differ bordering on a dashboard 18. moreover, space region SX which drilled 
the gas eye equally and was classified by the dashboard 18 in the numerical aperture of the straightening- vane 17 whol 
region in this method And SZ Gas supply system GX And GZ from » the reactant gas which consists of thin film 
formation material gas and carrier gas by quantity of gas flow different, respectively is supplied, and you may make it 
the gas stream after passing a straightening vane 17 serve as the rate of flow quicker than Z region in X region in a 
fission reactor Moreover, only carrier gas can also be circulated in X region. 

[0024] Drawing 5 is the outline cross-section explanatory view of other examples of the vapor growth equipment of 
this invention. In drawing 5 , the inside of the fission reactor 51 in the air is classified into the upper part 1 and the 
lower part 2, and the upper part 1 is formed more thinly than the lower part 2. up bore Dl Lower bore D2 small - Dl - 
< - D2 it is -- the lower limit section B of the upper limit section U of the lower part 2 of a major diameter and the 
upper part 1 of a minor diameter is connected by the connection section 20, and except that the space in a furnace 
continues, it is constituted like the equipment of drawing 1 . In addition, the same sign is given to the same member as 
drawing 1 , and explanation is omitted. It sets to the fission reactor 51 of drawing 5 , and the rotation substrate 
supporter 12 has the difference of elevation (H) more nearly predetermined than the fission reactor up lower limit B in 
a top face, is located caudad, and is arranged. The side-attachment-wall side of the fission reactor upper part 1 is 
usually formed at right angles to the side-attachment-wall side of the lower part 2, and parallel, and is perpendicularly 
formed to rotation substrate supporter 12 top face. Although usually formed horizontally, the connection section 20 of 
the above-mentioned up lower limit B and the lower upper limit U is not restricted especially, and may be formed the 
letter of an inclination, and in the shape of a curved surface. In the fission reactor 51 constituted as mentioned above, 
by making quick the gas flow rate in the external region in a furnace (X region) like the fission reactor 1 1 of drawing 1 
bordering on the periphery marginal P neighborhood of the projection configuration to the straightening vane 17 of the 
rotation substrate supporter 12 While generating of the dancing going-up phenomenon of a gas stream or a gas vortex i 
controlled, it is the bore Dl of the furnace upper part 1. From it being thin The dancing going-up phenomenon to the 
upper part of a gas stream can be controlled farther, generating of gaseous-phase particle is controlled in multiplication 
adhesion in a furnace wall and the effect on a wafer substrate can be prevented, the quality of a thin film formation 
wafer substrate improves, a maintenance cycle also serves as a long period of time, and a industrial advantage is 
remarkable. 

[0025] Moreover, it sets to the fission reactor of drawing 5 , and they are the fission reactor up bore Dl, the lower bore 
D2, and the path DS of the rotation substrate supporter 12. It is desirable to have the respectively following ratio 
relation. For example, Dl It is larger than a wafer diameter and is (1) D2 / Dl . A ratio is 1 .2 (D2 / D 1>=1 .2) or more. 
Dl When smaller than a wafer diameter, it is for the crystal defect which the particle which dropped out of furnace up 
internal surface tends to adhere to the wafer substrate laid on the rotation substrate supporter 12, and is measured as 
LPD (wafer surface laser scatterer (particle is included)) as a result to increase. Moreover, it is because the non-contact 
thermometry by the infrared radiation of the wafer substrate periphery section usually performed at a gaseous-phase 
thin film growth process becomes difficult. On the other hand, it is D2 / Dl. If a ratio is larger than 1.2, even if the gas 
flow rate ratio of X region of a reaction zone and Z region is comparatively small, the dancing going-up phenomenon 
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to the upper part of a gas stream can be controlled. (2) Dl / DS A ratio is in 0.7-1.2 (0.7 <=D1/DS <=1.2). Dl / DS If 
ratios are 0.7-1.2, even if the gas flow rate ratio of X region of a fission reactor and Z region is comparatively small, tht 
dancing going-up phenomenon to the upper part of a gas stream can be controlled. Dl / DS If a ratio is smaller than 
0.7, the particle in which the wall surface of the upper part 1 approached too much the wafer substrate laid on the 
rotation substrate supporter 12, and fell out from the inner-wall-of-the-kiln side will become easy to adhere to a wafer 
substrate. Therefore, the above Dl It is for the crystal defect measured as LPD to increase like the case of being smalle 
than a wafer substrate diameter, and for the quality of a thin film formation wafer substrate to deteriorate. On the other 
hand, they are Dl / DS. Even if a ratio makes it larger than 1.2, the improvement in the effectiveness beyond it is not 
obtained. (3) D2 / DS A ratio is 1 .2 (D2/DS >=1 .2) or more. D2 / DS If a ratio is smaller than 1.2, since the gas stream 
of Z region which circulated the rotation substrate supporter 12 top will stop being able to flow to an exhaust pipe 
easily smoothly, it is for particle to adhere to the fission reactor wall which counters rotation substrate supporter 12 
outside, or for a unconverted gas to react in the lower part of the rotation substrate supporter 12, for a thin film 
formation component to deposit in the wall of the fission reactor lower part 2, and for a maintenance cycle to short- 
peri od-ize. 

[0026] Furthermore, as mentioned above, the top face of the rotation substrate supporter 12 has the difference of 
elevation H predetermined in a lower part from the lower limit B of the fission reactor upper part 1, and the fission 
reactor 51 of drawing 5 is arranged. This difference of elevation H has that desirable of ** so that gas streams, such as 
the transition layer which the gas stream in Z region on the rotation substrate supporter 12 forms, i.e., the material gas 
supplied by passing gas eye 17a of a straightening vane 17 as the arrow head showed to drawing 5 , may usually 
become larger than the thickness (T) of the gas reservoir which has a vector from a core to the direction of a periphery 
on the rotation substrate supporter 12. If this difference of elevation H is smaller than the transition layer thickness T, 
the gas stream from the core of the wafer substrate W on the rotation substrate supporter 12 to the direction of a path 
will be checked by the lower limit B of the fission reactor upper part 1, the dancing going-up phenomenon to the upper 
part will arise along the side face of the fission reactor upper part 1, and generating of a gas vortex will be promoted. 
Moreover, as for rotation substrate supporter 12 top face, it is desirable that it is parallel to the fission reactor upper par 
1 and the connection section 20 of the lower part 2. 

[0027] Moreover, in the general fission reactor used from the former, although transition layer thickness T of the gas 
stream on the above-mentioned rotation substrate supporter 12 mainly changes with the rotational frequencies of the 
class of controlled atmosphere in a fission reactor, fission reactor internal pressure, and a rotation substrate supporter, i 
is computable by the following formula (1). Generally the following type (1) is shown by hydrodynamics. 
T=3.22(nu/omega) 1/2(1) 

(However, nu displays the coefficient of kinematic viscosity (mm2/s) of the reactant gas in a fission reactor, and omegj 
displays a rotational angular velocity (rad/s), respectively.) omega shall take the minimum value under thin film 
formation operation with vapor growth equipment in this case. For example, material gas is silane gas, carrier gas is 
hydrogen gas, and when the rotational frequency of a rotation substrate supporter is 500 - 2000rpm (52 - 209 rad/s), the 
transition layer thickness T is set to about 5-50mm. Therefore, it is desirable to arrange so that a rotation substrate 
supporter top face may be located by the bigger difference of elevation H from the lower limit B of the fission reactor 
upper part 1 of a minor diameter than the above-mentioned T value. The gas flow from the core on a wafer substrate to 
a periphery becomes still smoother by this, there is no adhesion of the particle of a thin film formation raw material in 
an inner wall of the kiln, and the thin film formation wafer obtained does not have a defect in a crystal phase, and a 
uniform thin film is formed. 

[0028] Drawing 6 is the outline cross-section explanatory view of other examples of the vapor growth equipment of 
this invention. While two or more drilling of the rectification effluence-of-gas hole 20a for a fission reactor 61 being 
classified into the minor diameter upper part 1 and the major-diameter lower part 2 up and down, and flowing the gas 
for rectification into the connection section 20 of the upper part 1 and the lower part 2 in drawing 6 is carried out The 
connection section 20 in which the peripheral face whole region of the fission reactor upper part 1 was surrounded, and 
rectification effluence-of-gas hole 20a was drilled in duplex annular by nothing and the hollow annular section 21 is 
surrounded airtightly, and it is constituted like the equipment of drawing 5 except having formed the rectification gas 
supply opening I in the hollow annular section 21. In addition, the same sign is given to the same member as drawing 
5 , and explanation is omitted. In the fission reactor 51 of drawing 6 , in order to perform smoothly flow to the exhaust 
ports 15 and 15 of a unconverted gas, the gas for rectification can be flowed out of rectification effluence-of-gas hole 
20a drilled in the above-mentioned connection section 20. Generally the above-mentioned carrier gas is used and the 
gas for rectification flows out the usually same gas as the carrier gas introduced from the gas supply openings 16 and 
16 of a fission reactor. By this rectification effluence of gas, the unconverted gas after it reached the wafer substrate W 
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and thin film growth was presented by the synergistic effect with the reactant gas of the high rate of flow of X region 
circulates a rotation substrate supporter 12 periphery side, and is smoothly discharged from exhaust ports 15 and 15, 
without producing the dry area of a gas vortex or a gas stream, and a deposit of the thin film formation component in 
the fission reactor lower part does not have it, either, and it can attain protraction of the maintenance cycle of a furnace 

[0029] In the fission reactor 61 of drawing 6 , it is desirable to flow out so that the ratio (WVX) of the rate of flow 
(VX) of the reactant gas of X region and the rate of flow (VI) of the gas for rectification from rectification effluence-of 
gas hole 20a may be set to 0.05-2 (0.05 <=WVX <=2). By flowing out the gas for rectification from rectification 
effluence-of-gas hole 20a of the connection section 20, the flow of the reactant gas on a rotation substrate supporter an< 
the flow of the unconverted gas from a rotation substrate supporter periphery side to between fission reactor lower 
hollow become smooth, without producing a gas vortex and a gas flow dry area, and a crystal defect can obtain the thin 
film formation wafer substrate of little homogeneous high quality so that VI / VX ratio may become above-mentioned 
within the limits. WVX The effectiveness of passing the gas for rectification from 20a of the path expansion part of 
the fission reactor lower part located in rotation substrate supporter 12 outside as it is less than 0.05 is not acquired. 
Moreover, WVX If 2 is exceeded, since the gas flow rate in the path expansion part of rotation substrate supporter 12 
outside becomes too much early, the smooth gas flow from the core on the rotation substrate supporter 12 to a 
periphery is checked and homogeneous thin film growth cannot be performed in homogeneity thickness, it is not 
desirable. 
[0030] 
[Example] 

examples 1-3 - the cross section constituted like the fission reactor in the air shown in said drawing 1 - the thin film 
was formed on the wafer substrate using circular vapor growth equipment. The spacing width of face X from the fissioi 
reactor wall of the external region (X region) where the straightening vane 17 of a numerical aperture is large The 
difference Y of the radius (RD) of a straightening vane 17 and the radius of the rotation substrate supporter 12, i.e., the 
radius of the orthographic drawing form to a straightening vane 17, (RP) The boundary of X region and Z region was 
set up so that it might become the ratio (X/Y) shown in Table 1, and with gas eye 17a of the diameter shown in Table 1 
respectively, and a numerical aperture (%), it punctured, respectively with 17b of a diameter and the numerical aperture 
(%) which were shown in Table 1, formed in X region in Z region of a straightening vane, and arranged in the fission 
reactor, as material gas - SiH4 gas — as carrier gas — H2 gas — moreover — as a dopant - diboron hexahydride (B-2 
H6) - H2 The flow rate was adjusted and supplied so that it might become the ratio (VX/VZ) which showed the rate oi 
flow (VX) of the reactant gas of X region, and the rate of flow (VZ) of Z region for the gas made to contain 0. 1 ppm 
among gas in Table 1. Moreover, the rotational frequency of reaction temperature, reaction pressure, and a rotation 
substrate supporter was collectively shown in Table 1 . 

[003 1] It is B-2 H6 on a silicon wafer under the vapor growth conditions shown in Table 1 . Vapor growth of a dopant 
silicon thin film was performed. After forming a vapor growth thin film, visual observation of the particle adhesion of 
the fission reactor wall of the used gaseous-phase thin film growth equipment was carried out, and the some were 
shown in Table 1. Moreover, the number of LPD 0.135 micrometers or more was measured using the surfboard scan 
6200 by the ten call company about the description of the crystal phase of the acquired thin film formation wafer 
substrate side, and the result was shown in Table 1 as the number per wafer. Moreover, the thickness of a formation 
thin film was measured by the infrared interference thickness gage, and it asked for the maximum thickness (Fmax) an< 
the minimum thickness (Fmin), and the homogeneity of thin film thickness was computed as (Fmax-Fmin)/ 
(Fmax+Fmin) xlOO, and was shown in Table 1. Moreover, the resistance of the obtained thin film formation wafer 
substrate was measured using the CV method, the maximum (Rmax) and minimum value (Rmin) were calculated, and 
the homogeneity of the resistance by dopant incorporation was computed as (Rmax-Rmin)/(Rmax+Rmin) xlOO, and 
was shown in Table 1. 

[0032] The thin film was formed on the wafer substrate using the vapor growth equipment of the cross-section round 
shape constituted like the fission reactor in the air shown in example 4 aforementioned drawing 4 . The straightening 
vane 17 arranged that in which the whole has the numerical aperture shown in Table 2. Moreover, a dashboard 18 is 
installed in the region between straightening-vane absentminded at the circle rim section of the same path as that of a 
rotation substrate supporter, and it is SX about an up space region. A region and SZ It classified into the region two 
times. SZ On the conditions which showed the same reactant gas as an example 1 in Table 2, it supplied, flows into a 
region, and is SX. In a region, it is H2. It supplies by the flow rate which showed gas in Table 2, and is B-2 H6 on a 
silicon wafer. Vapor growth of a dopant silicon thin film was performed. The result measured like [ substrate / the 
observation in a fission reactor and / which was obtained / thin film formation wafer ] the example 1 was shown in 
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Table 2. 

[0033] examples 5-6 - the cross section constituted like the fission reactor in the air shown in said drawing 5 (example 
5) and drawing 6 (example 6) » the thin film was formed on the wafer substrate using circular vapor growth 
equipment. Equipment was formed on the conditions shown in Table 2. At an example 6, it is H2 to Y region from the 
connection section 20. By the flow rate which showed gas in Table 2, it adjusts and supplies so that it may become the 
ratio (VX/VY) which showed the rate of flow (VX) of the reactant gas of X region, and the rate of flow (VY) of Y 
region in Table 2, and it is B-2 H6 on a silicon wafer. Vapor growth of a dopant silicon thin film was performed. The 
result measured like [ substrate / the observation in a fission reactor and / which was obtained / thin film formation 
wafer ] the example 1 was shown in Table 2. 
[0034] 
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[0035] 
[Table 2] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



5/1/0' 











&m\4 




n$t (x) 


1000 


1000 


1000 


1000 




E# (torr) 


40 


40 


40 


30 


*a 


SiH 4 #*SS (1/min ) 


0.3 


0.3 


0.3 


2 




Hgiftffi (1/min ) 


30 


30 


30 


200 


ft 


(1/min ) 


0.01 


0.01 


0.01 


0.07 




lSI$£#|Hj$8Bt (rpm) 


2000 


2000 


2000 


2000 




v x /v z *b 


2 


20 


— 


— 




X/Yifc 


0.8 


1.3 


— 


— 




(mm) 


3 (7L&) 


58 


— 


— 


* 




33 


90 


— 


— 




(mm) 


3 


3 


— 


— 




Ztt(D§flD$ (%) 


9.70 


5.66 


— 


— 






8.69 


19.36 


a7i 


0.98 






31.07 


37.45 


31.15 


8.33 




LPD ( > 0.135 /£ m) 


33269 


89374 


33707 


1087 















[0039] When the reactant gas rate of flow of X region of the predetermined width of face of the fission reactor wall 
circumference is made quicker than central Z region by the predetermined ratio so that more clearly than the above- 
mentioned example and the example of a comparison, a thin film formation wafer substrate with the LPD number of 
the crystal phase of the thin film formation wafer substrate front face obtained good at 1000 or less is obtained. If the 
rate-of-flow ratio compares carrier gas with this example and the example 3 of a comparison circulated similarly by the 
example 1 of a comparison lower than a predetermined ratio, and the conventional method, and this LPD number is or 
less about 1 / 50 and compares a field larger than predetermined width of face with the example 2 of a comparison 
which passed the quick reactant gas of the rate of flow, it is or less about 1 / 130. Moreover, the fact of are also 1000 oi 
more pieces shows that the thin film formation by the vapor growth of this invention is excellent with the conventional 
method also in the example 4 of a comparison which circulated carrier gas by part for 20017. Moreover, although the 
homogeneity of the thin film thickness formed is also lower than the thing of the example 4 of a comparison, it is 
fitness, it is clear homogeneity's of resistance to excel, even if it compares with the example 4 of a comparison, and the 
thin film formation wafer substrate of high quality can be obtained, without using carrier gas so much. 
[0040] 

[Effect of the Invention] The reactant gas style introduced to a fission reactor changes the rate of flow in a center 
section and the periphery section, and the vapor growth equipment of this invention can prevent the dancing going-up 
phenomenon to the upper part [ make / it / the gas flow rate in the periphery section become large ] of the reactant gas 
which was producing various un-arranging. Therefore, the temperature rise of reactant gas can be inhibited, the 
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[0036] Example of comparison 1-2VX / VZ About the example 1 of a comparison smaller than predetermined, a 
straightening vane is formed on the conditions shown in Table 2. Moreover, except having formed the straightening 
vane on the conditions shown in Table 2, and having arranged in the fission reactor about the example 2 of a 
comparison with a larger X/Y ratio than predetermined It is B-2 H6 on a silicon wafer like an example 1 using the 
vapor growth equipment constituted like the fission reactor of an example 1. Vapor growth of a dopant silicon thin film 
was performed. Then, the result similarly measured about the observation in a fission reactor and the obtained thin film 
formation wafer substrate was shown in Table 3. 

[0037] the examples 3-4 of a comparison - the bottom of the vapor growth reaction condition shown in Table 2 using 
the vapor growth equipment with which the numerical aperture of a straightening vane was equally formed, and was 
constituted like the fission reactor of the conventional gaseous-phase thin film growth equipment shown in said 
drawing 7 — an example 1 — the same — carrying out — a silicon wafer front-face top - B-2 H6 The dopant silicon thin 
film was formed. Then, the result similarly measured about the observation in a fission reactor and the obtained thin 
film formation wafer substrate was shown in Table 3. 
[0038] 
[Table 3] 
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homogeneous nucleation of thin film formation material gas is controlled, and the particle generated in a gaseous phase 
* decreases. Therefore, since it adheres to a fission reactor wall, and a maintenance cycle is shortened or the particle 
which adheres to a wafer and causes a crystal defect decreases, the thin film formation wafer substrate of high quality 
can be manufactured. Moreover, the gaseous-phase thin film growth by the gaseous-phase thin film growth equipment 
of this invention In order to circulate smoothly, without stagnating also on the wafer substrate which there is also no 
generating of particle about the gas flow in a fission reactor, and it can maintain to stability, without producing a 
turbulent flow and channeling, and the inside of a fission reactor can be circulated smoothly, and forms a thin film, It 
does not happen, but becomes uniform [ the field internal resistance value of the wafer substrate obtained ], and the 
reuptake of a dopant etc. can obtain a wafer substrate suitable as an object for high integration. 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Effect of the Invention] The reactant gas style introduced to a f)«^on reactor changes the rate of flow in a center 
section and the periphery section, and the vapor growth equipment of this invention can prevent the dapdng going-up 
phenomenon to the upper part [ make / it / the gas flow rate in the periphery section become large ] of the reactant gas 
which was producing various un-arranging. Therefore, the temperature rise of reactant gas can be inhibited, the 
homogeneous nucleation of thin film formation material gas is controlled, and the particle generated in a gaseous phase 
decreases. Therefore, since it adheres to a fission reactor wall, and a maintenance cycle is shortened or the particle 
which adheres to a wafer and causes a crystal defect decreases, the thin film formation wafer substrate of high quality 
can be manufactured. Moreover, the gaseous-phase thin film growth by the gaseous-phase thin film growth equipment 
of this invention In order to circulate smoothly, without stagnating also on the wafer substrate which there is also no 
generating of particle about the gas flow in a fission reactor, and it can maintain to stability, without producing a 
turbulent flow and channeling, and the inside of a fission reactor can be circulated smoothly, and forms a thin film, It 
does not happen, but becomes uniform [ the field internal resistance value of the wafer substrate obtained ], and the 
reuptake of a dopant etc. can obtain a wafer substrate suitable as an object for high integration. 



EFFECT OF THE INVENTION 




[Translation done.] 
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